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INTRODUCTION 

A t  the  present time the re  i s  widespread i n t e r e s t  i n  building opera t iona l  
c lear -a i r  radar  wind p ro f i l e r s .  
conf igura t ion  f o r  these p r o f i l e r s  i s  cu r ren t ly  under discussion. I n  t h i s  r epor t  
w e  compare the cost  and performance of a (10A) 
frequency over the  range 30 t o  400 MEIz. To simplify the comparison the  a r r ay  
beam w i l l  be f ixed  (no s t ee r ing )  and the  a r r ay  w i l l  be uniformly fed (no 
t ape r ing ) .  We consider both Yagi and coaxia l  c o l l i n e a r  (COCO) cable  antennas in 
t h i s  comparison, although o ther  conf igura t ions  (Franklin a r rays ,  p r in ted  d ipo le  
a r rays ,  f i xed  dish-type antennas, e tc . )  may be competitive. We assume t h a t  the  
a r r ay  i s  driven by a typ ica l  50 kW peak power, 1 kW average power t ransmi t te r  
loca ted  a t  the  a r ray  edge when ca l cu la t ing  f eedline power-handling requirements 
and when comparin system performance. For t h i s  comparison we chose an a r r ay  

des i r ab le  t o  l i m i t  beam-spreading e f f ec t s .  

YAGI ARRAY 

The choice of operating frequency and antenna 

antenna a r r ay  versus opera t ing  2 

aper ture  of ( l o x )  ‘i s ince  a one-way beam width of 5’ (% 3.5’ Z-way) o r  less i s  

The following t a b l e  g ives  the ga in  (with respec t  t o  a d ipole)  , e f f e c t i v e  
aper ture ,  and boom length fo r  3, 5 ,  6, 12 and 17 element Yagi antennas. These 
va lues  were taken from NBS Technical Note 688 (VIEZBICKE, 1976). The t a b l e  a l s o  
gives the  e f f e c t i v e  aper ture  of a coaxia l  cab le  d ipole  114 above ground. 
right-hand column of the t a b l e  gives the  number of antennas required t o  f i l l  a 
( 1 0 ~ ) ~  aperture.  

A survey of the  cos t  of good q u a l i t y  Yagi antennas i n  the  frequency range 
from 30 t o  400 MHz shows t h a t  the  cos t  t o  f i l l  a (101)2 aper ture  a t  a given 
frequency i s  about constant fo r  5- t o  17-element Yagis ( for  example a t  144 MHz 
6-element Yagis cos t  $50 x 71 (Table 1) = $3,550 and 17-element Yagis cost  
$100 x 35 (Table 1) = $3,500). 
t o  7 element Yagis t o  f i l l  t h e  aperture.  Boom lengths of 6 t o  7 
element Yagis are 1.2 to  1.51 long (12 to  15 meters a t  30 MHz) and would cause 
mounting problems a t  frequencies below 50 MHz. 
might a l so  enhance ground c l u t t e r  problems with respect t o  elements located 
c loser  t o  the ground. It i s  probably log ica l  t o  use a l a rge r  number of sho r t e r  
Yagis (fewer elements) i n  the lower VHF band although the cos t  of feedl ine  and 
connectors would be higher than given i n  t h i s  repor t .  

The 

For cos t  comparison we take an 8 x 8 a r ray  of 6 

The increased element height 

We have assumed a simple branch feed f o r  the 8 x 8 Yagi a r ray ,  with feed- 
l i n e  extending t o  a building a t  the edge of the array.  
p a r t  of Figure 1 show t h e  a r ray  component cos ts  versus frequency. Curve A g ives  
the  antenna cos t s  only, curve B includes b a l m s  a t  $10 each and antenna mounts 
a t  $20 each. Curve C gives the  t o t a l  a r ray  cost  using f eed l ine  cons is t ing  of a 
combination of RG-213 and RG-218 polyethylene d i e l e c t r i c  coaxial  cab le  and 
connectors, and curve D gives the  a r ray  cos t  when 112’’ and 718” foam d i e l e c t r i c  
cable  (foamflex) i s  used f o r  the  feedl ine .  The loss ( i n  dB) versus frequency 
f o r  the two types of f eed l ines  are compared a t  the  bottom of Figure 1. The 
r e l a t i v e  performance of t he  a r rays  using t h e  two f eed l ine  types i s  considered 
later i n  t h i s  repor t .  

The curves i n  the  upper 
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Table 1. 

NUMBER OF YAGI NUMBER TO FILL (lox)' 
ELEMEXTS BOOM LENGTH GAIN AE ARRAY 

3 
5 
6 

12 
17 

.4a 5.1 .67h2 

.8a 8.3 1 .la2 
1.21 10.5 1.412 
2.21 17 .O 2 . 2 ~ 2  
3.21 21.9 2.9X2 

149 
91 
71 
46 
35 

Coaxial cable dipole  1/4a above ground .17X2 588 

COAXIAL CABLE DIPOLE ARRAY 

The coaxial-collinear (COCO) antenna constructed of RG-213 cable has been 
described by BALSLEY and ECKLUND (1972) and has been used i n  a va r i e ty  of 
antenna arrays since tha t  t i m e .  The advantages of the COCO antenna include low 
cost,  s implici ty ,  po r t ab i l i t y ,  and a s ingle  feed point for  up to  48 dipole 
elements. The major disadvantage seems t o  be antenna lo s s  (2 dB for  a 48- 
element RG-213 antenna a t  50 Mllz). For t h i s  comparison w e  take an array of 16 
s t r i n g s  consisting of 36 dipoles each to  f i l l  the (10x1 
antennas are made from RG-213 cable  and when comparing performance w e  assume 2 
dB antenna loss a t  a l l  frequencies even though the lo s s  may be lower than 2 dB 
a t  frequencies above 50 MEz. 

2 aperture.  The COCO 

Cost Of ( l 0 A I 2  YAGI Army vs Frequency 

I I I I 
A- Anlennor Only 
8 - Antennos + Younls +Bolunr 
C-Items an B + RG-213, 218 Feed 1 

Comeclors 
D-ltam tn 8+1/2:' 7/8" Foomtlex 

Fad ~ i n c  + Connectors 

Frequency (MHzl 

Figure 1. 
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The COCO antenna costs  shown i n  Figure 2 include RG-213 cable, support 
rope, support posts,  c l i p s  and ground w i r e  a t  $2.15/meter. The interchange of 
inner and outer cable conductors between dipoles costs  $1.50 f o r p a t e r i a l s  and 
$6.65 for  labor. Balms cost $10 each. Curve A shows the (101) a r r ay  cost  
versus frequency using RG-218, RG-213 feedl ine and curve B shows the cost  fo r  
1/2" and 718'' foamflex feedl ine.  Feedline l o s s  ( i n  dB) versus frequency for t he  
two types of feedl ine a re  shown a t  the bottom of Figure 2. 
give the cost  of (101)2 a r r ays  using RG-213, RG-218 feedl ine (AA) and foamflex 
feedl ine (BB) less the labor cost  of $6.65/dipole f o r  interchanging the  inner 
and outer  cable conductors. The antenna cost  curves i n  Figure 2 are dashed 
above 200 MHz because manufacturing tolerance problems may increase costs  a t  
higher frequencies. 

ESTIMATED PERFORMANCE OF (10 A) ARRAYS 

Curves AA and BE 

The r e l a t i v e  performance of the Yagi and COCO ( 1 O A J 2  arrays using the two 
types of feedl ines  considered i n  the previous sect ions has been calculated by 
using the radar d e t e c t a b i l i t y  equation given i n  BALSLEY and GAGE (1982). The 
equation has been modified by replacing the temperature term i n  the denominator 
by IcbTs + (1-b) Tc + b(1-c) T A +  TR] where Ts = sky temperature, T, = feedl ine 
temperature, TA = r e s i s t i v e  antenna temperature, TR = receiver  noise tempera- 
t u re ,  b = feedl ine transmission coeff ic ient ,  c = antenna radiat ing efficiency. 
For these calculat ions T, and TA were set t o  290°,  TR was 120'K (1.5 dB noise 
f igu re )  and maximum, minimum and typical  values fo r  T, were taken from KRAUS 
(1966). 
Antenna loss of 0.5 dB (c = .89) w a s  used f o r  the Yagi array.  Average trans- 
mitted power was set t o  1 kW a t  a l l  frequencies, height resolut ion w a s  set t o  
1 km, and minimum d e t e c t a b i l i t y  was s e t  a t  3 dB. The radio r e f r ac t ive  
turbulence s t ruc tu re  constant (Cn2) was taken as 10-(15*5+*22) 
height i n  km. 
(1982) to  be typical  of qu ie t e r  conditions observed a t  Poker F la t ,  Alaska. 

The 2-dB COCO antenna l o s s  was accounted f o r  by s e t t i n g  c = .63. 

where z = 
This value (G2 = at 12.5 km) was found by NASTROM e t  a l .  

The 

3 -  \ - 

I -  ------ - - - -_  _ _ _ _  - 
Rt-213, 218 2 -  - 
112, I / #  Foomfler 

200 300 500 50 IO0 

Frequency (MHzl 

Figure 2. 
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lowest value of Cn2 observed a t  12.5 km was % 3 x 
under s t rong wind conditions. The d e t e c t a b i l i t  

previous sections.  
( so l id  curve) and COCO (dashed curve) arrays,  calculated using f oamf l e x  f eedline 
f o r  maximum, minimum and typical  sky temperatures f o r  the Northen Hemisphere. 
Figure 4 shows the curves f o r  both types of feedl ine for  both antenna types 
using typ ica l  sky temperatures. 

and ranged up t o  3 x 
equation was solved f o r  maximum 

height f o r  usable signal-to-noise f o r  the (10A) s arrays discussed i n  the 
Figure 3 gives maximum height versus frequency fo r  Yagi 

The da ta  from Figures 1, 2 and 4 are combined i n  Figures 5 and 6 to  show 

Each f igu re  gives the relat ionship f o r  both foamflex 
the cost lheight  r e l a t ionsh ip  versus frequency fo r  Yagi arrays (Figure 5 )  and 
COCO arrays (Figure 6). 
and RG-218, RG-213 feedline with frequency indicated a t  spot values near the 
t h i n  lines t h a t  l i n k  the curves f o r  the two types of feedlines.  
foamflex feedl ine i n  Figures 5 and 6 are combined in Figure 7 t o  give a more 
d i r e c t  comparison of t he  Yagi and COCO cost lheight  re la t ionship.  A t  frequencies 
below about 100 MHz the COCO array has a l a rge  cost  advantage over the Yagi 
array with only a 0.5 km l o s s  i n  maximum observing height. 
combinations cost  $12,000 o r  less and the height difference i s  1 km or more 
( %  1.5 km a t  420 MEz). 
boom length would be too long f o r  t he  8 x 8 array considered i n  t h i s  comparison. 
The COCO array curve i s  dashed above 200 MHz since it may be d i f f i c u l t  t o  
manufacture COCO elements with the required precis ion above t h i s  frequency. 
Although operating frequencies above 200 MHz seem a t  a disadvantage fo r  e i t h e r  
type of array,  a t  420 M$z it would be possible t o  nearly double the e f f ec t ive  
aperture  by using 64 17-element Yagis with larger  spacing. 
length (2.25 meters) would be no problem from a height standpoint, increased 
antenna costs  would be $2,500 and increased feedl ine costs  would be minimal. 
The max imum observable height would increase t o  13.5 km (indicated by the 
c i r c l ed  X i n  Figure 7) .  

The curves f o r  

Above 144 MHz a l l  

The Yagi array curve i s  dashed from 30 to  50 M$z since 

The 3.21 boom 

Maximum Observing Height vs. Frequency 
for Three Valuer d Sky Temperature (TsI 

20 , I I I 1 I 
la I- 

YAGI Array 

COCO Prroy 

- -- -- 

1 
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Figure 3 .  
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Figure 5. 
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SUMMARY 

2 I n  t h i s  report  w e  have compared costs  and performance f o r  (10A) Yagi and 
COCO arrays su i t ab le  €or use i n  clear-air radar systems. I n  general the COCO 
antennas seem t o  have a clear cost  advantage below 100 MBz with only a s l i g h t  
corresponding lo s s  i n  performance due t o  l o s s  i n  the antenna elements. 
frequencies above 150 MEz the YAGI arrays have a larger  performance gain fo r  
somewhat higher costs. 
determine the r e l a t i v e  performance gain f o r  d o l l a r  cost  when choosing operating 
frequency, antenna type and feedl ine type for  a 
observing heights shown i n  Figures 3 through 7 were calculated using values of Cn 
t yp ica l  of r e l a t ive ly  quiet  conditions; under high wind conditions the heights 
could increase by over 5 km. 
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